Rate enhancement of the internal electron transfer in cytochrome c oxidase by the formation of a peroxide complex; its implication on the reaction mechanism of cytochrome c oxidase.
The oxidation of reduced cytochrome c oxidase by hydrogen peroxide was investigated with stopped-flow methods. It was reported by us previously (A.C.F. Gorren, H. Dekker and R. Wever (1986) Biochim. Biophys. Acta 852, 81-92) that at low H2O2 concentrations cytochrome a is oxidised simultaneously with cytochrome a3, but that at higher H2O2 concentrations the oxidation of cytochrome a is slower than that of cytochrome a3. We now report that for high peroxide concentrations (10-45 mM) the oxidation rate of cytochrome a increased linearly with the concentration of H2O2 (k = 700 M-1.S-1). Upon extrapolation to zero H2O2 concentration an intercept with a value of 16 s-1 (at 20 degrees C and pH 7.4) was found. A reaction sequence is described to explain these results; according to this model the rate constant (16 S-1) at zero H2O2 concentration represents the true value of the rate of electron transfer from cytochrome a to cytochrome a3 when the a3-CuB site is oxidised and unligated. However, when a complex of hydrogen peroxide with oxidised cytochrome a3 is formed, this rate is strongly enhanced. The slope (700 M-1.S-1) would then represent the rate of cytochrome a3(3+)-H2O2 complex formation. From experiments in which the pH was varied, we conclude that the reaction of H2O2 with cytochrome a3(2+) is independent of pH, whereas the electron-transfer rate from cytochrome a to cytochrome a3 gradually decreases with increasing pH. From the temperature dependence we could calculate values of 23 kJ.mol-1 and 45 kJ.mol-1 for the activation energies of the oxidations by H2O2 of cytochrome a3(2+) and cytochrome a2+, respectively. The similarity of the values that were obtained for cytochrome a oxidation both with H2O2 and with O2 as the electron acceptor suggests that the reactions share the same mechanism. In 2H2O the reactions studied decreased in rate. For the reaction of 2H2O2 with reduced cytochrome a3 in 2H2O, a small effect was found (15% decrease in rate constant). However, the internal electron-transfer rate from cytochrome a to cytochrome a3 decreased by 50%, Our results suggest that the internal electron transfer is associated with proton translocation.